We have used the highly sensitive technique of photothermal deflection spectroscopy to directly measure the subgap optical absorption of undoped, singly doped, and compensated a-Si:H down to 0.6 eVe We show that the gap state absorption is due to dangling silicon bonds.
DIRECT MEASUREMENT OF GAP STATE ABSORPTION IN HYDROGENATED AMORPHOUS SILICON BY PHOTOTHERMAL DEFLECTION SPECTROSCOPY
. . ABSTRACT We have used the highly sensitive technique of photothermal deflection spectroscopy to directly measure the subgap optical absorption of undoped, singly doped, and compensated a-Si:H down to 0.6 eVe We show that the gap state absorption is due to dangling silicon bonds.
We also present evidence that while doping creates defects, compensation removes them. 
wnere A is a constant and ~ is the film thickness. For a~»l, S=A. ~ was determined by other measurements, and hence a was obtained for a~ < 1 using Eq. (1). Interference fringes of a were averaged on a loga- Therefore, the Signal was not due to absorption in CC1 4 or the substrate.
Our samples were undoped, singly doped, and compensated films deposited by rf glow discharge. The SiH 4 concentration in Ar varied from 5%
'/ u to 100%, and the substrates were either 7059 glass, quartz, or sap-. 8 phire.
The thickness of most films was in the 1-2 ~m range. Other deposition parameters are given in Figs The effects of doping and compensation on the absorption edge are summarized in Fig. 2 .
In Fig. 2 (a) and (b) we give the results for phosphorous and boron doped films. As in the case of undoped a-Si:H, the sub-gap absorption tail rises, and the slope of the exponential edge decreases as the PH 3 or B2H6 concentration is increased. However, the slope of the sub-gap region for boron is less than for the phosphorous doped films.
To separate the effects due to dopant incorporation from the effects due to shifts in the Fermi level, we investigated the absorption of a series of compensated films prepared by fixing the PH 3 concentration and gradually increasing the B2H6 concentration ( Fig. 2 Assuming f . = 1 and recognizing that the local OJ field corrections have been empirically determined to overestimate the 13 14 correct local field by a factor of 2 in a-Si:H, ' we then have
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By plotting the equilibrium spin density data N (ESR), versus N (ABS), s s the defect density as deduced by Eq. (4), we obtain an excellent agreement over three orders of magnitude, as shown in Fig. 3 If we compare such estimates with those deduced using Eq. (4), again we find excellent correlation between the three types of estimates (see Fig. 4 ). At high defect densities, however, LESR tends to underestimate the number of defects. Our absorption estimates agree better with the luminescence estimates.
The agreement for boron doping is not as good, perhaps (1) because there is a different oscillator strength for this defect or (2) because Eq. (2) sample doped with 10-3 PH 3 in the gas phase. Fig.2 (a) . Absorption coefficient vs. energy for various phosphorous doped films.
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The doping concentration of the films is 3:1x10-3 n .,"
